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(iv) Phasing. The advantage of gests the presence of shoals of fish. vessels to help locate Important 
phasing is that one can make use of Further, the bottom echoes are much fishes. 
the high pen speed (Fig. 5). During stronger because they reflect the 
phasing, the pulse is transmitted whole sound beam while those from 
before the pen marks the paper. If the fish near the bottom are weaker. 
we select to start at 120 fathoms to 
200 fathoms, the pulse wiJI travel 
and the echo wiIJ return back from 
120 fathoms before the pen starts 
recording it, thus only the echo mark 
Such electronic devices are largely 
being employed nowadays by Indian 
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will be recorded and not the zero-
mark. 
Suppression 
Heavy metals pollution in 
the marine environment 
Usually the echo of fish close to I N recent years, pollution of 
.the boat is louder. This is due to the marine environment by heavy 
fact that nearest fish is hit by more metals has become a national and 
lines of lhe sound beam (Fig. 6) and international problem. The current 
hence greater sound strength. To alarm about metal pollution in the 
avoid very strong echo marks from sea however started with the tragedy 
fish and plankton near the surface of'Minimata' disease caused by the 
compared with weaker echo marks consumption of mercury-contami-
from fish near the bottom, all the nated shellfish and fin fish taken from 
echo sounders suppress the ampli- Minimata Bay in Japan. Then there 
fication from the shallower depths. was 'Itai itai' disease caused by the 
The suppression starts automatically consumption of foods contaminated 
at the zero line and decreases as the by cadmium from Niigata in Japan. 
pen moves away from the zero line. ' . - The term heavy metal is a· loose 
Full amplification is obtained after one. It includes transition metals·like 
the pen has travelled 1 to 1/3 from chromium, cobalt, nickel, copper, 
the zero line. zinc, cadmium, mercury, lead, ar-
Recorders with whiteline facilities 
In case of bottom trawling or 
fishing on the bottom with net, it 
is very important to have more infor-
mation about fish near the bottom. 
It is often difficult to distinguish 
echo lines of fishes near bottom than 
from the bottom itself in the echo< 
gram. This is where a recorder with 
whiteline facilities helps. The two 
echograms shown (Fig. 7) are kom 
the same place at the same time. 
The two bump-like ridges in the 
lell hand diagram C9uld be fish but 
they could also be stones which 
might ruin trawling nets. In the 
right hand figure, the whiteline sug-
gests the right hand ridge to be a 
part of the bottom while the larger 
ridge lying above the whiteline sug-
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senic, antimony and bismuth. Of 
these, the most toxic metallic pollu-
tants are mercury, lead, zinc and 
copper. Heavy metals occur natu-
rally in the marine environment. In 
addition, these heavy metals enter the 
aquatic systems by direct discharges 
via industrial and urban effiuents, 
surface run off and indirectly from 
aerial fallout. 
In India, use of heavy metal fun-
gicides. in agricultw:e is increasing as· 
seed-dressing. agents. Antifouling 
properties of mercury compounds 
are yet used in pulp mills, industrial 
and domestic sewage wastes from 
various sources are now a threat to 
the survival of fishes and other or-
ganisms. The common feature of 
these metals is that they are all rela-
tively toxic even at fairly low con-
centrations and are readily concen-
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trated by aquatic organisms ,and 
plants. The seriousness of heavy 
metal contamination is further com-
pounded by the fact that they are 
generally water-soluble, non-degra-
dable, vigorous oxidizing agents and 
are strongly bonded to many bio-
chemicals inhibiting their functions. 
Certain metals are essential to 
normal growth and development of 
organisms, but some are toxic. An 
element can be regarded as essential 
only (i) if the organism can neither 
grow nor complete its life cycle in 
the absence of the element, (ii) if the 
element cannot be replaced by any 
other element, and (iii) if the element 
exerts a direct influence on organism 
and its metabolism. Similarly, an 
element can be regarded as toxic if 
that element injures growth or meta-
bolism of an organism when supplied 
above a certajn concentration. In 
fact, all metals are toxic at high con-
centrations but"some are highly toxic 
even at lower concentrations. Ele-
ments like copper, mercury, lead, 
cadmium, zinc and chromium are 
very toxic. Except copper and zinc, 
others are non-.essentilll and tOMC_ 
Because certain metals are reqnired 
in life processes, most organisms 
have a capability of concentrating 
them. Capability is enhanced by 
some feeding and metabolic proces-
ses which can lead to enormously 
high concentrations. Invertebrates 
appear to have a particularly high 
capability for concentrating metals 
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along with other foreign materials 
found in their environment when they 
filter plankton during feeding. 
Fishes apparently can accumulate 
metals either directly from sea water 
. or indirectly through food chain. 
Because of the ability of many metals 
to form complexes with organic subs-
tances, they have a tendency to be 
fixed in the tissue and not to be 
excreted. In other words, they have 
a large biological half-time. This is 
perhaps one of the major problems 
that metals pnse with respect to their 
effects on aquatic organisms. 
It has been known for many years 
that concentration of heavy metals 
is significantly higher in marine bio-
sphere. Today, additional quantities 
of heavy metals are being added to 
estuarine and coastal regions from 
agricultural and industrial waters, 
hospitals, domestic sewage and 
from the polluted atmosphere. At 
sufficiently high concentrations, 
heavy metals are toxic to marine and 
estuarine organisms and to their 
consumers at higher trophic levels 
. including man. Recently Qasim and 
Gupta (1980), while reviewing the 
existing knowledge on the incidence 
and implication of heavy metal toxi-
cants in fishes of Lbe Indian ocean, 
have emphasized the importance of 
carrying out studies on bioaccumula· 
tion of heavy metals in various tissues 
of fishes inhabiting the open sea, 
coastal areas and estuaries. 
Many marine fishes and shell 
fish have got the capacity to concen-
trate trace metals in their tissues to 
much higher levels than they are in 
other organisms and also they con-
centrate them several hundred times 
more than the concentration of 
metals in sea water. Bioassay studies 
are also required on food organisms 
of commercially valuable species. 
If conce'ltrations of metals are not 
high enough to kill the fish, but are 
high enough to destroy the organi-
sms on which the fish feeds, there 
will be substantial damage to fishery. 
Hence, toxicity of a metal and its 
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effects on organisms will depend 
upon (a) the chemical form of metal, 
lb) presence of other metals, (c) phy-
siological status of organisms, 
and, (d) environmental physico-che-
mical parameters like salinity, tem-
perature, dissolved oxygen and the 
pH of water. Entry of heavy metals 
into organisms depends upon the 
rate of absorption of a metal by 
animals which is affected by factors 
like salinity, pH , presence of other 
metals, complexing agents, tempera-
ture, size difference, maturity and 
starvation of the animal. The envi-
ronmental parameters of waters effect 
toxicity of the m~tal either by in-
fluencing physiology of organisms or 
by altering chemical form of the 
metal in water. In general, metals 
are less toxic at lower temperatures 
and high salinity than at high tem-
peratures and lower salinity. Toxicity 
of a metal is also dependent upon 
residence time of metals concerned. 
Generally, most metals have a long 
residence time and hence exert their 
toxic effect over a long time . 
Most metallic elements occur 
naturally in estuarine environments, 
and are classified as pollutants ouly 
when added by man in quantities 
sufficient to produce deleterious 
effects. In the natural environment, 
organisms are exposed chronically 
to sublethal concentrations of several 
contaminants simultaneously, and 
concentrations of metals present 
within the organisms result from the 
relative rates of metal accumulation 
and turnover. These rates vary 
among species and also with the con-
centration apd physicochemical form 
of the metai. Assessment of poten-
tial effects of metal contaminants on 
estuarine organisms must consider 
organismic response not Only to 
levels of metals in the environment, 
but also the contained metals. Fur~ 
thermore, boLb the cycling of ' a 
particular metal and its toxicity 
characteristics may depend upon the 
physicochemical form of the metal 
introduced into the system. An 
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understanding of the potential phy. · 
siological effects resulting from con-
taminative metal additions to estua-
rine environments therefore requires 
knowledge of the complex physical 
and biological processes that control 
distribution and tum over of metals 
in the component organisms and in 
the entire ecosystem. 
With the growing interest in 
pollution of marine environment, 
many countries are conducting 
monitoring studies on metals in both 
seawater and marine organisms. In-
vertebrates are considered excellent 
indicator organisms because of their 
ability in concentrating metals, 
among other pollutants. Besides 
measuring concentrations of these 
metals in aquatic organisms, there is 
a need to study effects of concentra-
ted metals on organisms and on eco-
system. This will require careful eva-
luation of effects of metals on various 
trophic levels in marine ecosystem 
and movement of metals through 
food web. 
The effects of heavy metals on 
aquatic organisms can be divided 
into (a) direct effects and (b) indirect 
eftects. The latter is effected through 
the effect on food chain organisms 
and ecological stress. The direct 
effects are seen in behaviour, migra-
tion, physiology, metabolism, re-
production, development and growth 
of aquatic animals. 
CoathisiOll 
The real problem today is not 
whether heavy metals are toxic or 
not, since we know that they are : 
but what concentrations are per-
missible/safe levels in our waters 
which do not produce harmful effects 
on users of water ami fish from the 
waters. Although much work has 
been done on heavy metal pollu-
tants, there is still a great need for 
information on normal responses 
and functions of organisms, to assess 
influences of metals and their toxici-
ties fully. It is impossible to prevent 
pollution of environment totally 
SCIENCE REPORTER 
SCIENCE~PECTRUM _____________________ _ 
hut metal pollutIOn ami toxicity waters mu.t be .built up. tional agriculture. Their exploita-
could be minimized by certain pre- tion. in forestry however has a great 
cautionary measures like develop- P. NAMMALwAR scope . 
.ment of adequate environmental Regional Centre of Central Marine In the non-symbiotic process 
control and management. Conti- Fisheries Res. Institute (ICAR) there is a wide variety of free living 
nuous monitoring of our environ- Mandapam Camp 623520 organisms which fix atmospheric 
ment and food products from these Tamil Nadu nitrogen under aerobic or anaerobic 
Biofertilisers for nitrogen 
to save energy 
AGRICULTURE today · consu-mes more petrolefun products 
than any other single industry in the 
country, in terms of chemical ferti-
lizers, irrigation, pesticides and other 
farming operations. Hike in oil 
prices since 1973 has pushed up the 
price of fertilizers and the cost of 
running diesel-operated pump sets 
for irrigation purposes. Therefore, 
oil-based mechanisation of far-
ming has increased the production 
cost. 
The present need for nitrogen is 
substantially met by the application 
of synthetic nitrogen fertilizers. They 
are expensive and their production 
is a highly energy consuming process 
(13,800 Kcai. per kg of N fixed). 
Therefore, direct utilisation of at-
mospheric nitrogen through biologi-
cal fixation has been receiving world-
wide attention, particularly symbiotic 
fixation in which nitrogen fixing sys-
tem utilises photosynthetically stored 
energy instead of fossil fuels. In 
this process, atmospheric nitrogen is 
reduced to ammonia in presence of 
electron donor (ferredoxin and flavo-
doxin), A TP generating system and 
biological catalysts (nitrogenase, hy-
drogenase and some minerals). 
Though it is a relatively slow 
process, it is of great importance. 
Recently, Azospirillum, a new nitro-
gen fixing associate symbiont, has 
shown promising results. It increases 
yields of cereals amounting to a 
saving of fertiuzer nitrogen equiva-
lent to 20kg-40 kg N/ha. Apparently, 
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to avoid depletion of fossil fuel and 
damage to environment that may be 
caused from excessive application of 
fertilizer nitrogen, exploitation of 
biological nitrogen fixation has gain-
ed special importance. 
Biological agents 
In a symbiotic process, certain 
nitrogen fixing bacteria grow in 
close association with a higher 
plant, usually with its roots where 
nodules are formed. The process 
takes place in these nodules through 
an enzyme system. The bacteria uti-
lise carbohydrates photosynthetically 
synthesised by the plants while the 
latter utilise the products of fixation. 
Neither the bacteria nor the plant 
alone could fix atmospheric nitrogen. 
The best known nodule producing 
plants are legumes such as clovers, 
peas, beans, Bengal gram, alfalfa, 
etc., which require a specific species of 
Rhizobium. The nodules contain a 
soluble haemoglobin-type pigment, 
namely, leghaemoglobin, which faci-
litates oxygen uptake by terminal 
oxidases and increases A TP produc-
tion for nitrogenase activity. 
There are some non-leguminous 
plants (Alders, Casuarinas and My-
ricas, etc.) which also form nitrogen 
fixing root nodules by a different bac-
terium and fix nitrogen similar to 
that of legume crops. Their species 
in comparison to legumes are rela-
tively smaU, and being shrubs, or 
trees, they are unsuitable to conve~-
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conditions depending upon the or-
ganism and the conditions. AzotO-
bacler and Beijrinckia species fix 
nitrogen under aerobic conditions, 
proper pH and en'ergy supply; while 
non-photosynthetic species of Clos-
tridia fix nitrogen anaerobically with 
proper moisture and nutrients. There 
are also photosynthetic bacteria like 
Rhodospirillum, purple sulphur bac-
teria and green sulphur bacteria, 
which fix nitrogen photochemically 
under anaerobic conditions. Certain 
facultative organisms like Klebsiella, 
capable of growing both in aerobic 
and anaerobic atmosphere, fix nitro-
gen only under anaerobic atmos-
phere. Similarly, a number of blue 
green algae are known for their nitro-
gen fixing a bili ty. 
Mechanism of nitrogen fixation 
Understanding of biological nitro-
gen fixation has attracted world-
wide attention in the last two deca-
des. It has been established that 
ammonia is the key product of 
fixation (Fig. l). 
It seems that nitrogen is bound to 
an enzyme and is reduced stepwise 
without breaking N-N bond until the 
final reduction which yields ammonia 
and releases it from the enzyme. 
Role of nitrogenase 
The enzyme consists of two 
metalloproteins, both essential for 
activity. The larger, the MoFe 
protein, binds the reducible substrate, 
and the smaller, the Fe protein, 
interacts with ATP and Mg++. 
Both proteins are irreversibly des-
troyed by oxygen, the Fe protein 
most rapidly in vitro. Protection of 
these proteins from damage by oxy-
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